Background: The aim of the present study was to examine the risk factors for developing diabetes after 3 years in an elderly Chinese suburban population with impaired fasting glucose (IFG). Methods: The study population comprised residents of the Hangu area of Tianjin, China, with IFG, aged ≥60 years, who joined the national free physical examination program (n = 328; mean [AESD] age 68.0 AE6.1 years; 48.2% men). Diabetes was defined by self-report of a physician's diagnosis or fasting plasma glucose (FPG) ≥7.0 mmol/L; IFG was defined as FPG ≥5.6 and < 7.0 mmol/L. Risk factors of incident diabetes at the 3-year follow-up were analyzed individually using logistic regression analysis. Results: Between baseline and the 3-year follow-up, 56 subjects with IFG at baseline had developed diabetes. After multivariate adjustment for demographic and clinical factors, the incidence of diabetes increased with higher FPG (odds ratio [OR] 9.30, 95% confidence interval [CI] 2.84-30.48), but decreased with the grip strength/weight ratio (OR 0.88, 95% CI 0.82-0.94). Moreover, the combination of higher FPG and lower grip strength/weight was associated with a higher incidence of diabetes than higher FPG only or lower grip strength/weight (P < 0.05). Conclusion: The present study indicates that higher FPG and lower muscle strength are associated with glycemic deterioration among subjects with IFG after 3 years. The results suggest that not only glucose levels, but also physical performance may be useful markers of the risk of diabetes in this population.
Introduction
As the aging population increases, prediabetes and diabetes have become highly prevalent in China. 1 However, diagnosis of hyperglycemia in the elderly is often delayed due to atypical symptoms, such as cognitive and physical dysfunction, and the occurrence of primarily postprandial hyperglycemia. 2 Prediabetes is an intermediate state of hyperglycemia with glycemic parameters above normal but below the diabetes threshold. More and more studies have shown that early diagnosis and interventions designed for prediabetes lead to a sustained reduction in the incidence of diabetes. [3] [4] [5] Therefore, the timely and accurate identification of type 2 diabetes (T2DM), as well as reducing risk factors, are important in older adults with prediabetes. Several studies have shown that impaired fasting glucose (IFG) represents an intermediate stage in the transition from normal glucose tolerance to overt T2DM, and that is is associated with an increased future risk of T2DM. 6 In addition, recent studies have shown that physical performance is also an important contributor to the increased prevalence of T2DM. For example, in a previous cross-sectional study, we found that good mobility, as assessed using the timed up and go test (TUGT) and the 4-m walk test, was associated with a decreased incidence of diabetes in old people. 7 In addition, some studies have indicated that lower muscle strength may be a useful marker of the risk of diabetes. [8] [9] [10] However, the causal relationship between physical performance and the risk of diabetes among older people with IFG remains unclear due to a lack of relevant cohort studies. Some studies have reported that changes in some lifestyle habits, such as diet and physical activity, may also postpone progression to diabetes in older adults with IFG. 11, 12 In addition, several research studies have reported that there are other factors associated with a high risk of developing T2DM, including obesity, aging, socioeconomic status, education, and urbanization. [13] [14] [15] [16] Nonetheless, there have been no comprehensive comparisons of factors that could be responsible for the high prevalence of diabetes in older adults with IFG.
The aim of the present study was to examine the risk factors for developing diabetes after 3 years in an elderly Chinese suburban population with IFG. From a public health perspective, identifying factors contributing to the increased prevalence of diabetes among community-dwelling elderly with IFG will help inform an action plan to manage the condition in China.
Methods

Subjects
The subjects in the present study were older residents (aged ≥60 years) who joined the national free physical examination program in the Hangu area of Tianjin, China, from May 2013 to June 2016. Older residents with IFG were selected as study subjects, and they were invited to participate in comprehensive geriatric assessments and to complete questionnaires. To be eligible for inclusion in the study, subjects had to meet the following criteria: (i) subjects had to have IFG (but not be diagnosed as having diabetes), defined as fasting plasma glucose (FPG) levels ≥5.6 but <7.0 mmol/L based on 2013 American Diabetes Association (ADA) criteria; 17 (ii) subjects had to have normal cognition to be able to communicate with the interviewer and to grant informed consent; and (iii) subjects had to be without disabilities that affected the basic activities of daily living. In all, 352 subjects with IFG were enrolled in the present study and provided written informed consent for data collection.
The cohort was invited to attend repeat assessments and questionnaire interviews after 3 years. Twenty-four subjects were excluded from analysis because they were lost to follow-up. All non-participants were followed-up by telephone to ascertain why they missed the follow-up examination and to determine their health condition over the past year. Thus, at the end of the 3-year follow-up period, all subjects were healthy and none had died or was bedridden.
The finial study population comprised 328 subjects with IFG. This study was approved by the Ethics Committee of Tianjin Medical University, China.
Covariates
First, some comprehensive geriatric assessments were performed, including anthropometric assessments, performance-based assessments, and collection of biomarker data. Anthropometric variables (height and weight) were assessed using standard tools. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Performance-based assessments consisted of grip strength, the TUGT, and 4-m walk tests. The grip strength to body weight ratio (kg/kg; grip strength/weight) was calculated because of the known involvement of body weight in the maximal performance of muscle strength. 18 Blood samples were collected from all subjects after an overnight fast of at least 10 h. Fasting plasma glucose, creatinine, blood urea nitrogen (BUN), total cholesterol (TC), and triglycerides (TG) were measured. Creatinine clearance (CCr) was calculated as (140 -age [years]) × weight (kg)/72 × creatinine (mg/mL) in males, and 15% less in females. 19 Information regarding sociodemographic variables (sex, age, education level and occupation), behavioral characteristics (smoking and drinking habits, nutritional status, psychological status and physical activity), and medical conditions (hypertension, hyperlipidemia, stroke, coronary heart disease [CHD], and kidney disease; yes/no) was obtained using questionnaires and in interviews. Nutritional assessments were based on the Mini Nutritional Assessment-Short Form (MNA-SF), 20 depressive symptoms were assessed using the Geriatric Depression Scale, 21 and physical activity was assessed using the short form of the International Physical Activity Questionnaire (IPAQ). 22 Whether individuals had experienced a fall, defined as "an unexpected event in which the person comes to rest on the ground, floor, or a lower level", 23 in the past year was elicited. Subjects who reported multiple (>1) falls or at least one fall with injury were categorized as having fallen. 24 Details of the survey methods have been detailed previously. 7 
Assessment of diabetes
Diabetes was defined by self-report of a physician's diagnosis. For subjects who were not diagnosed with diabetes, FPG was measured at first, with FPG ≥7.0 mmol/L considered as potential diabetes. Subsequently, this population was re-examined according to the 2013 ADA criteria (HbA1c ≥6.5% or 2-h plasma glucose ≥11.1 mmol/L during an oral glucose tolerance test [OGTT] ). 17 
Statistical analysis
Baseline characteristics and changes in these variables after 3 years among all subjects are presented as mean values (with 95% confidence intervals [CIs]) or as percentages. The significance of differences between variables was examined using t-tests for continuous variables or the Chi-squared test for categorical variables.
Risk factors of incident diabetes at the 3-year followup were first analyzed individually using logistic regression analysis. Multiple logistic regression models were constructed by stepwise and backward elimination algorithms. These models were adjusted for age, sex, BMI, grip strength, TUGT, walking speed, FPG, CCr, BUN, TC, TG, hypertension, hyperlipidemia, stroke, CHD, kidney disease, occupation of farmer, illiteracy, a history of smoking and drinking, MNA-SF, GDS, and IPAQ scores, and fall history.
The final predictive factors for diabetes chosen by multiple logistic regression analysis were evaluated using receiver operating characteristic (ROC) curve analysis. The optimal cut-off points for these predictive factors were calculated using the Youden index.
Differences were considered significant at two-tailed P < 0.05. All statistical analyses were performed using SPSS version 21.0 (SPSS Inc., Tianjin, China).
Results
Subject characteristics
Based on the 3-year follow-up surveys, 56 (17.1%) of subjects with IFG at baseline had developed diabetes (25 with self-reported diabetes, 31 with newly diagnosed diabetes). The baseline characteristics of IFG subjects according to the presence of diabetes after 3 years are given in Table 1 . Subjects with new-onset diabetes after 3 years were more likely to have higher BMI and FPG, lower grip strength/weight and walking speed, and a fall history (P < 0.05). We also analyzed the changes in certain parameters in all subjects after 3 years ( Table 2 ). The change in grip strength/weight at the 3-year followup was lower in subjects who developed diabetes than in subjects who still had IFG (P = 0.021). Table 3 presents the results of multiple logistic regression analysis for determining the risk factors for incident diabetes after 3 years. After multivariate adjustments for age, sex, BMI, grip strength, TUGT, walking speed, FPG, CCr, BUN, TC, TG, hypertension, hyperlipidemia, stroke, CHD, kidney disease, occupation of farmer, illiteracy, a history of smoking and drinking, MNA-SF, GDS, and IPAQ scores, and fall history, the incidence of diabetes increased with higher FPG (odds ratio [OR] 9.30; 95% CI 2.84-30.48), but decreased with lower grip strength (OR 0.88; 95% CI 0.82-0.94).
Risk factors for incident diabetes
Cut-off points for risk factors
The combination of FPG and grip strength/weight was evaluated as the predicted probability (PRE) of an interaction between FPG and grip strength/weight using logistic regression analysis. Receiver operating characteristic curves for FPG, grip strength/weight, and PRE (combining FPG with grip strength/weight) among community-dwelling elderly with IFG are shown in Fig. 1 . The area under the curve (AUC) for PRE was higher than that for FPG and grip strength/weight individually (AUC 0.719 vs 0.708 and 0.663, respectively). Table 4 indicates the optimal cut-off points for FPG, grip strength/weight, and PRE to predict the incidence of diabetes among community-dwelling elderly people with IFG. Defined cut-off points based on the Youden index to predict the risk of incident diabetes were 6.09 mmol/L for FPG, 39.79 kg/kg for grip strength/ weight, and 0.153 for PRE. According to these cut-off points, the combination of higher FPG and lower grip strength/weight would lead to a higher incidence of diabetes compared with higher FPG only or lower grip strength/weight only (P < 0.05; Fig. 2 ).
Discussion
In this study we found that the prevalence of diabetes was 17.1% in older adults with IFG after 3 years of follow-up. After adjusting for potential confounding factors, higher FPG and lower grip strength/weight were associated with glycemic deterioration among subjects with IFG after 3 years. Moreover, the combination of higher FPG and lower grip strength/weight may confer a higher risk of diabetes than higher FPG only or lower grip strength/weight only.
Fasting plasma glucose and glycemic deterioration
Impaired fasting glucose, first defined as FPG between 6.1 and 6.9 mmol/L, was recommended by the ADA Expert Committee in 1997 as a risk category for further screening using a more definitive test, such as the 2-h plasma OGTT, in subjects at risk of developing T2DM. 25 Subsequently, based on population-based studies and in an attempt to increase the sensitivity of IFG as a screening tool, the FPG was lowered by the ADA to 5.6-6.9 mmol/L. 3 In a meta-analysis evaluating the progression of prediabetes to diabetes published in 2007, the annual incidence rate of diabetes was found to be 6%-9% for isolated IFG. 26 In another cohort study, the annual incidence of diabetes in the IFG group was reported to be nearly 6.0%. 27 As in previous studies, the annual incidence of diabetes in the present study approached 5.7%, and, further, we confirmed an association between higher FPG (>6.09 mmol/L) and the prevalence of T2DM after a 3-year follow-up period in older adults with IFG (defined as FPG ≥5.6 but <7.0 mmol/L at baseline). Although the mechanism underlying these results remains unclear, β-cell dysfunction is the ultimate cause of progression of IFG to T2DM 28 and FPG is a strong indicator of β-cell function. Based on our findings, we believe more attention should be paid to adverse changes in FPG levels in older adults with IFG in order to prevent glycemic deterioration.
Muscle strength and glycemic deterioration
The results of the present study also suggest that lower muscle strength, as assessed by grip strength, is associated with a high risk of progression to T2DM among subjects with IFG. This is consistent with a cohort study with a 10-year follow-up that reported that greater grip strength was associated with a lower risk of developing T2DM in non-diabetic Japanese American subjects. 8 However, some prospective studies have reported no association between grip strength and the incidence of T2DM. 29, 30 This apparent discrepancy could be due to it being easier to find significant association between grip strength and T2DM in older people with IFG than in younger healthy adults. Moreover, we found that, for subjects who developed diabetes, the change in muscle strength after 3 years was more significant than in subjects who remained at the IFG stage, which led us to suppose that muscle strength may indicate the severity of IFG. Conversely, we found no association between the results of the TUGT and walking speed and a high risk of T2DM among older people with IFG. It is of note that in an earlier cross-sectional study we found no difference in grip strength between older people with prediabetes or diabetes and those without the conditions, whereas there was a relationship between lower extremity function, as assessed by the TUCT and 4-m walk test, and prediabetes or diabetes in older people. 7 This may be related to the selection of subjects and the duration of the observations. In future studies, we will focus on determining the optimal physical performance tests for non-diabetic or older people with IFG to predict a higher risk of developing T2DM in different periods. In addition, in the present study there was no apparent association between IPAQ and glycemic deterioration at the 3-year follow-up in older adults with IFG. Therefore, we have reason to believe that physical performance assessed by some objective Data show changes in subject characteristics among community-dwelling elderly with impaired fasting glucose after 3 years according to the presence of diabetes. *Diabetes was defined as self-reported or fasting plasma glucose (FPG) ≥7.0 mmol/L. BMI, body mass index; BUN, blood urea nitrogen; CCr, creatinine clearance; CHD, coronary heart disease; FPG, fasting plasma glucose; IFG, impaired fasting glucose; TC, total cholesterol; TG, triglyceride; TUGT, timed up and go test. Data are given as odds ratios with 95% confidence intervals in parentheses. *This model was adjusted for age, sex, Body mass index (BMI), grip strength, timed up and go test (TUGT), walking speed, fasting plasma glucose (FPG), creatinine clearance (CCr), blood urea nitrogen (BUN), total cholesterol (TC), triglycerides (TG), hypertension, hyperlipidemia, stroke, coronary heart disease (CHD), kidney disease, occupation of farmer, illiteracy, a history of smoking and drinking, Mini Nutritional Assessment -Short Form (MNA-SF), Geriatric Depression Scale (GDS), and International Physical Activity Questionnaire (IPAQ) scores, and fall history. P-values are for backward stepwise multiple logistic regressions. P < 0.05 was considered significant.
measures could become a better risk index for progression to T2DM than questionnaires in older adults with IFG.
Higher FPG with lower muscle strength and glycemic deterioration
Another important finding of this study was the combined effect of higher FPG and lower grip strength/ weight on incident diabetes among older people with IFG. Although there are no previous studies with which we can compare our results, there may be some potential reasons for the correlation between higher FPG with lower grip strength/weight and a high risk of developing T2DM. First, according to this study, both higher FPG levels and lower grip strength/weight were independently associated with a higher risk of developing T2DM. So, the effects of FPG levels and grip strength/weight on the risk of developing T2DM in older people with IFG may be additive. Second, it has been proven that older people with glucose intolerance and recent-onset diabetes already exhibit abnormalities in protein metabolism that may negatively affect muscle mass, 31 and a graded association between increased glucose levels and weaker grip strength has been reported. 10 Conversely, limitations to physical activity because of weaker muscle strength could reduce the sensitivity of body tissues to insulin, leading to decreased glucose utilization, increased glucose levels in the blood, and an increased risk of developing T2DM. 32 
Other risk factors for diabetes
There are some other risk factors for the development of T2DM. In a previous study we demonstrated an association between obesity and a greater risk of T2DM. 33 Other studies have shown that the optimum BMI cut-off points for screening Asian Americans without a prior diabetes diagnosis for T2DM should be <25 and ≥ 23 kg/m 2 . 34 However, we did not find a relationship between BMI and the incidence of diabetes in older people with IFG. This may be due to subject selection or the statistical methods used. Moreover, although aging, 13 urbanization, 35 hypertension, 16 or some unhealthy lifestyle habits 11 have been found to be related to the risk of diabetes, these associations were not found in the present study. Further research should identify specifically which risk factors could be responsible for the high prevalence of diabetes in older adults with IFG. Figure 1 Receiver operating characteristic (ROC) curves for fasting plasma glucose (FPG), grip strength/weight ratio, and predicted probability (PRE; combining FPG with grip strength/weight) among community-dwelling elderly with prediabetes. Logistic regression models were used to evaluate the PRE of the interaction between FPG and grip strength/weight. AUC, area under the curve. Figure 2 Incidence of diabetes according to cut-off points for fasting plasma glucose (FPG), grip strength/weight ratio, and predicted probability (PRE; combining FPG with grip strength/weight) among community-dwelling elderly with prediabetes. *P < 0.05 compared with lower grip strength/weight; † P < 0.05 compared with higher FPG.
Study strengths and limitations
The main strength of the present study was the selection of risk factors, not only glucose levels and some anthropometric assessments, but also some lifestyle-related factors, such as physical performance, sociodemographic variables, and behavioral characteristics. These risk factors could be assessed by simple objective evaluations and questionnaires, methods that are economical and feasible and easy to use among communitydwelling older adults. The present study has several limitations. First, the follow-up period was relatively short and the number of new diabetes cases during follow-up was small. Therefore, in future studies we will enlarge the sample size and extend the duration of follow-up to increase the reliability of the study to evaluate the risk factors. Second, all subjects in this study were relatively healthy, with subjects who were immobile or had serious diseases that affected the basic activities of daily living were excluded from the study, so the results may not be fully representative of the general elderly population. Prospective studies should be multifactorial, include more participants, and undertake more comprehensive assessments to further enhance our understanding of the risk factors of progression to T2DM among subjects with IFG. Third, the 6.8% of the sample (24 subjects) lost to follow-up may have introduced bias if this loss was related to diabetes risk. Nevertheless, the results of the study were unchanged after a sensitivity analysis regardless of whether all the missing participants developed diabetes (FPG: OR 13.25, 95% CI 4.65-37.49; grip strength/weight: OR 0.83, 95% CI 0.78-0.93) or all the missing participants were free from diabetes (FPG: OR 9.47, 95% CI 2.72-32.52; grip strength/weight: OR 0.85, 95% CI 0.81-0.90) at the end of 3 years. In addition, this rate is low for a prospective study conducted over a prolonged period of time and demands a good deal of subject commitment to complete study measurements. Although the exclusively community-dwelling elderly cohort in one area of China limits the generalizability of the results of the study, it also decreases the chance of confounding due to genetic admixture.
Conclusion
In summary, in addition to glucose levels, physical performance may be a useful marker of risk in communitydwelling elderly with IFG. The results of this study provide us with a better understanding of factors potentially responsible for the increase in T2DM and can help policy makers make informed decisions about diabetes preventing programs and policies. More research is needed to measure the relative contribution of each factor to the increase in the prevalence of T2DM by measuring each factor directly at the individual level and to evaluate the change in risk factors earlier in the evolution of the disease.
